Abstract
Introduction

47
Aerosols in the atmosphere can alter the amount of sunlight reaching the Earth 48 by directly scattering sunlight (e.g., sulphate, organic carbon (OC) and nitrate) or 
58
BC has a special role in the climate system, although it accounts for less than 5% 
206
The difference between SIM2 and SIM1 shows the impact on aerosol radiative 207 effects (AREs) of reducing only BC emission maximally in the four RCPs scenarios.
208
The difference between SIM3 and SIM1 indicates the effect of maximally reducing (representing a medium-low emission pathway), on AREs, respectively.
217
The aerosol direct effect (ADE) was obtained by calling radiation routine two 218 times (Ghan et al., 2012): semi-direct and indirect effects: W m -2 in China, Europe, and eastern North America (Fig. 3a) . The numbers of 325 activated sulphate, OC, and dust are increased over East and South Asia,
326
Mediterranean regions, North America and Africa due to the fast adjustment in cloud droplet number concentrations (CDNCs) being up to 0.6 ×10 10 m -2 (Fig. 5a ).
331
This enhances the SWCF over those regions (Fig. 6a) . In addition, the decrease in the 332 absorption ability of aerosols weakens the cloud evaporation and increases the cloud 333 fraction, which further enhances the SWCF over the regions with high BC emission 334 and some oceans (Fig. 6a) . However, the LWCF is also increased over most areas with 335 enhanced SWCF (Fig. 6a) , which can partly offsets the shortwave cooling. Finally,
336
only the reduction of BC emission result in an increase of more than 2 W m -2 in the 337 annual mean aerosol net cooling effect at the TOA over most regions with large BC 338 emission (Fig. 7a) . Northern Hemisphere (NH) compared with SIM1 ( Fig. 3b-e to the emission reductions in hygroscopic sulphate and OC, especially over the middle 347 latitudes of the NH (Fig. 4b-e) . Correspondingly, the CDNCs are significantly eastern China (Fig. 5b-e compensated by the longwave coolings (warmings) over most regions (Fig. 6b-e) .
356
Finally, the annual mean aerosol net cooling effect at the TOA is weakened over a 357 range of 2.0-10.0 W m -2 due to the changes in emissions of all aerosols over most 358 regions of the NH that have large anthropogenic aerosol emissions (Fig. 7b-e) . Liu, X., Lund, M. T., Luo, G., Ma, X., van Noije, T., Penner, J. E., Rasch, P. J.,
529
Ruiz, A., Seland, Ø., Skeie, R. B., Stier, P., Takemura, T., Tsigaridis, K., Wang, P., 
